The purpose of the survey was to locate more precisely and characterize the RialtoColton fault, a strand in the San Jacinto fault zone. The information developed during this study will be used in ground-water models by the USGS Water Resources Division and for the purposes of deciphering the complex basin geometry and tectonic history in this area to help understand the development of similar strike-slip basins.
Gravity Data
Most of the data were collected between lat 34°00' and 34°15' N and long 117°00' and 117°37.5' W. Most stations were located on the Cucamonga Peak, Devore, San Bernardino North, Fontana, San Bernardino South, Redlands, and Yucaipa 7.5 minute quadrangles ( fig. 2 ). All data were tied into secondary base station BWRI located in the parking lot of the Best Western Empire Inn in Rialto, CA (lat 34°4.14' N; long 117°22.62' W; observed gravity value 979520.09 mGal) (figs. 2 and 3). The value for observed gravity was calculated by multiple ties to a station-pair in Cajon Pass: BB1 and BB1A, that are a part of the southern California highprecision gravity station network (Roberts and Jachens, 1986) .
Horizontal and Vertical Control
Accurate location and elevation data for each gravity station are essential to reducing error in the gravity data reduction and giving accurate locations for features interpreted from the resulting gravity maps. Location uncertainties within several meters and elevation uncertainties within centimeters is appropriate for the resolution of our data (tightly spaced lines of stations crossing the Rialto-Colton fault were spaced at 200 m (650 ft) and had a total elevation fall along the line of approximately 40 m [130 ft]). Horizontal station locations were obtained with a small, portable Global Positioning System (GPS) unit and have an uncertainty of 10 m (30 ft) or less. Elevations were obtained using a differential GPS system of Trimble Real Time Kinematic (RTK) Series 4400 GPS receivers. These measurements have an uncertainty of typically 5-10 cm (2-4 in). Several GPS base stations were newly established for this survey or reestablished from existing stations in the National Geodetic Survey (NGS) database. We were able to survey most of the San Bernardino basin in real time with a 6 m (20 ft) radio antenna located at these base stations. The following information gives details on the base stations used in this study that expands upon what is currently available from the NGS. Future investigators may find this information useful to shortcut the lengthy and involved process of the establishment of GPS base stations. Where a map of the GPS station is not given here, the location is easily found using 1:24,000 topographic maps and/or city road maps along with the descriptions and latitudes/longitudes given below.
GPS Base Station RIALPORT2
-Lat 34˚ 07' 35.529" N; Long 117˚ 24' 30.755 New GPS base "RIALPORT2" (figs. 2 and 4) is at the Rialto Municipal Airport within several meters of station "RIALPORT" (now destroyed) listed in the NGS database (Permanent Identifier [PID] "EV9076") at URL http://www.ngs.noaa.gov/datasheet.html. Since the description in the NGS database was written, a new runway has been constructed, the old runway has become a taxiway, and the old taxiway has become a drag strip. The station is near the west end of the airport, north of the Sheriff Department's helicopter facility. It can be reached by proceeding west on Miro Way from Linden Ave. (fig. 4 ), entering the gate by Art Scholl Aviation, passing the aircraft fuel pump, then heading west along the drag strip. Watch pavement markings for a former turnoff to the old runway. See figure 4 for reference points and distances. The station is marked by a black X in a circle on a 5 by 15 cm (2 by 6 in) rock almost flush with the ground in the median between the dragstip and the taxiway. Access to the airport can be made by arrangement with the Director of Aviation for the City of Rialto, Richard Scanlan, 1451 N. Linden Avenue, (909) 820-2622.
Station coordinates were determined by RTK GPS survey using benchmarks "SIERRA" at Highland Ave. and Sierra Ave. and "SBD6106" at Cedar Ave. and 5 th St. (see NGS web site)
as primary horizontal and vertical control.
GPS Base Station KEND60
-Lat 34˚ 11 ' 13.164" N; Long 117˚ 20' 53 .634" W (on NAD 83, established by the NGS) -Elevation 515.30 m or 1690.62 ft (on NAVD 88, established by our survey)
Our GPS base "KEND60" ( fig. 2 ) is in the same location as the horizontal control point "KENDALL" (PID "EV3617") in the NGS database. Since "KENDALL" only had good horizontal control, we obtained an elevation of 515.30 m for this mark from our processing of the GPS data where we fixed known benchmarks. To reach the station, proceed northwest on Interstate Highway 215 from San Bernardino to the exit ramp for Palm Avenue. Stay right off the freeway and go northeast on Palm Ave, turn right and go southeast on Kendall Drive for 1.1 km (0.7 mi). The station is located on top of the hill ahead on the left and may be reached by either of two routes. Either go left on Pine 0.24 km (0.15 mi) then right up a dirt track to the highest point of the hill or continue southeast on Kendall for 0.3 km (0.2 mi), turn left on Bailey Court and left again on a dirt road at the crest and proceed to the highest point of the hill. The square concrete foundation at the very top is the benchmark "Kendall 1964" (PID "EV3618" in the NGS database). KEND60 is about 10.7 m (35 ft) south-southwest of Kendall 1964 and is a California Department of Water Resources disc set in the top of a cylindrical, concrete monument that is 30 cm (1 ft) in diameter and projects 5 cm (2 in) above the ground. The NGS web site gives survey control information for their horizontal and vertical measurements. location for this mark by GPS observations and their measurements were deemed accurate enough for us to use in our survey. RED is located approximately 1.1 km (0.7 mi) west of the terminal, at the far western end of the airport, south of the runway, and just east of the most westerly ramp to the paved aircraft parking area. It is in the dirt strip north of the deep drainage ditch between the aircraft parking area and the taxiway, in a hole with a metal cover, and is a stainless steel rod in a sleeve. The stamp on the rod is "FAA L12B 1992". Access to the airport is controlled by the City of Redlands Public Works Department, 35 Cajon St. Suite 22, Redlands, (909) 798-7655. The NGS web site gives survey control information for their horizontal and vertical measurements.
GPS Base Station TERR
-Lat 34˚ 02' 39.019" N; Long 117˚ 18' 33.098" W (on NAD 83, established by our survey) -Elevation 340.28 m or 1116.4 ft (on NAVD 88, established by our survey) GPS base "TERR" ( fig. 2 ) is a newly established base station located in the Grand Terrace area south of Colton. The base is located near the cross on top of a bluff visible from southbound Interstate 215. Take the Mt Vernon exit from I 215 and proceed south on Mt Vernon Avenue up the bluff to a stop sign. Turn left on Grand Terrace Road, proceed east 300 m (0.2 mi), then turn left on Vista Grande Way. Proceed north about 150 m (0.1 mi) to a right turn in the road. The base station is located near the turn, on the opposite side of a cable fence on the north side of the road. It is approximately centered on the gate section of fence and is at a U bolt imbedded in a small patch of highly-weathered pavement. Geographic coordinates were obtained by a GPS network adjustment holding KEND60 and RED fixed.
Data Reduction
Gravity data (table 1) were processed using factory calibration constants for each meter augmented by correction factors obtained on the Mt. Hamilton calibration loop east of San Jose, CA (Barnes and others, 1969) . Observed gravity was calculated based on assumed linear drift between "base ties" (i.e. repeat measurements at our gravity base station during data collection). The data were referenced to the International Gravity Standardization Net 1971 (Morelli, 1974) and the Geodetic Reference System 1967 ellipsoid (International Union of Geodesy and Geophysics, 1971) .
Free-air anomalies were calculated using standard formulas (Swick, 1942) . The complete Bouguer anomaly calculation incorporated the Bouguer correction, an earth curvature correction, field-based and computer-generated terrain corrections, and a reduction density of 2.67 g/cm 3 .
Terrain corrections for the Bouguer correction were calculated in the field up to a radius of 68 m (223 ft) from each station. Terrain corrections from 68 m (223 ft) to 590 m (0.37 mi) were computer calculated using a 30-m Digital Elevations Model (DEM). Terrain corrections out to 166.7 km (100 mi.) were calculated with a computer program by Plouff (1977) .
Terrain corrections for data collected on the premises of the Cemex Materials Corporation ( fig. 2 ; approximately lat 34° 10' N and long 117° 24' N) needed modification because mining operations had significantly changed the topography from that shown on the current 30 m DEM. The DEM was modified with field measurements of the dimensions of the mining pits and 1998 air photos. The DEM was then used to calculate the terrain corrections.
Isostatic corrections were made using an Airy-Heiskanen model of isostatic compensation (Heiskanen and Vening-Meinesz, 1958) . The depth of the crust-mantle boundary was controlled using the following parameters: a crustal thickness at sea level of 25 km, a density contrast of 0.40 g/cm 3 between the crust and the mantle, and a crustal density of 2.67 g/cm 3 (Jachens and Griscom, 1985) .
Physical Property Measurements
Along with gravity measurements, rock samples and rock property measurements were collected at locations shown in figure 5. These measurements will aid in future gravity modeling and gravity inversion calculations. Samples were brought back to the laboratory and the densities were measured on a precision electronic balance. Grain density, saturated bulk density, and dry bulk density were measured for each sample (table 2) . Magnetic susceptibilities were measured both in the field and in the laboratory using a Geophysica KT-5 susceptibility meter.
Several trends in the saturated bulk density are revealed from the samples when grouped by rock type and location. Samples of Pelona schist from outcrops in the basin have, on average, low densities which range from 2. 
Possible Sources of Error
Sources of error in our data set encompass several aspects. Elevation uncertainty of 5-10 cm (2-4 in) causes an uncertainty in the Bouguer and isostatic anomalies that is typically 0.01-0.02 mGal. There is some uncertainty in observed gravity from our assumptions of meter drift, though our system of base ties keeps this uncertainty typically less than 0.05 mGal. Our largest source of uncertainty is in the terrain corrections. Our terrain corrections are estimated to be accurate to within 10% of the value of the correction. Therefore, there is very little uncertainty in the values for our stations located on the flats of the San Bernardino basin (typically 0.2 mGal or less), but there is a larger uncertainty associated with the stations in the surrounding mountains and hills (0.4-1.5 mGal), because the terrain corrections are much higher.
Our data across the Rialto-Colton fault are quite uniform; contouring yields a smooth, consistent, linear gradient that indicates that the error for the data over the Rialto-Colton fault is probably much less than the maximum error given above. Also, data obtained from other agencies and surveys fits in very well with our newly acquired data. In cases where there was a misfit, we analyzed all involved data sets for possible sources of error and corrected them if possible. In a couple of cases, we double-checked our corrections on older data sets by reoccupying several previously established stations. The contour gravity maps (figs. 6 and 7) include data sets from the following surveys/agencies: 114 stations from the Defense Mapping Agency, 940 stations from University of California, Riverside (Tang and Ponce, 1982; Sikora and others, 1993) , 171 stations from R.H. Chapman (written commun.; Tang and Ponce, 1982) , 86 USGS stations, 102 stations from J.L. McWhirter (Tang and Ponce, 1982) , 12 stations from R.B Grannell and R.B. Greenwood (Tang and Ponce, 1982) , 449 stations from Tien-Chang Lee (written commun., 1998), and 2 stations from the California high-precision gravity network (Roberts and Jachens, 1986) .
Preliminary Gravity Map Interpretation
The gravity data reduction process removes effects on gravity produced by such influences as earth tides and elevation (or distance from the center of the earth). The resulting complete Bouguer anomaly reflects density variations in the earth's crust. The isostatic correction goes a step further and removes the long wavelength effects of variances in the crustmantle boundary due to the isostatic support of topography. The resulting gravity values mostly reflect lateral density contrasts in the upper crust (approximately the upper 10 km or 6 mi.).
Sharp changes in gravity from one place to another, or "steep gradients", can result from many lateral lithologic changes, such as passing from bedrock over the edge of a sediment-filled basin, or passing over a boundary in the bedrock between rocks of different densities. Such information as hand-sample data collected in the field and analyzed to give bedrock density, and information obtained from seismic reflection and refraction studies can be used to constrain gravity modeling and reveal the location and shape of major subsurface lithologic changes.
On both the Bouguer and isostatic gravity maps, the Rialto-Colton fault shows as a prominent, 13-km (8 mi) long, 1-km (0.62 mi) wide gradient with an amplitude of 7 mGal, down to the northeast. It runs from the San Jacinto fault zone at its south end to San Sevine Canyon ( fig. 1 ) at the foot of the San Gabriel mountains at its north end. This zone is shown in figures 6 and 7 along with the position of the maximum gradient along the zone.
If basement rocks are of uniform density and thus do not influence the gravity signature, the location of the maximum gradient is the most likely location of a basin-bounding fault. The location of the maximum gradient associated with the Rialto-Colton fault is approximately 1 km to the southwest of earlier interpretations of the fault location based on groundwater data from two wells (Woolfenden and Kadhim, 1997; Dutcher and Garrett, 1963) . Preliminary 2-dimensional gravity modeling indicates that the fault has produced normal offset of the basement rocks of as much as 600 m (2000 ft) (Anderson and others, 1999) .
The Rialto-Colton fault could connect with known, previously mapped faults at both ends of the gradient. To the south, the Rialto-Colton gradient connects with and is on strike with the San Jacinto fault zone. There is no fault on the other side of the San Jacinto fault the RialtoColton fault could connect with after restoring 25 km (about 15 mi) of right-lateral offset on the San Jacinto fault zone, which is the amount of offset suggested from observations further south along the San Jacinto fault zone . Therefore, the Rialto-Colton fault is interpreted as a strand in the San Jacinto fault zone. Where the Rialto-Colton fault intersects the Cucamonga fault zone at San Sevine Canyon there is an apparent right-lateral offset of faults in the Cucamonga fault zone and the Rialto-Colton fault connects and is on strike with the Day Canyon fault in the San Gabriel Mountains (figs. 1 and 5). The Rialto-Colton fault also crosses a linear magnetic high shown on aeromagnetic maps of the basin (U.S. Geological Survey, 1996) . The magnetic anomaly crosses the fault at a bend halfway along the length of the gravity gradient. The magnetic anomaly is offset in a right-lateral strike-slip sense in several discrete steps along the gravity gradient at this location. The total right-lateral offset seen in the magnetic anomaly, on the Cucamonga fault zone along the Rialto-Colton fault, and in mylonite zones along the Day Canyon fault are all approximately 2 km (1.25 mi).
Conclusions
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